Mucoid strains of Pseudomonas aeruginosa produce a viscid slime when grown on the surface of agar media. These strains are known to colonize persistently the tracheobronchial tree of children with cystic fibrosis. Colonization may result from inhibition of phagocytosis due to slime produced by the organism. Slime separated from one mucoid strain was examined to determine whether it possessed antiphagocytic activity in vitro. Cells of P. aeruginosa, Escherichia coli, and Staphylococcus aureus were rapidly phagocytized by rabbit polymorphonuclear leukocytes when mixtures were rotated for 2 hr at 37 C in the absence of slime. The addition of relatively small amounts of slime to bacteria and leukocytes inhibited phagocytosis as measured by phagocytic killing of the organisms. Inhibition was found to be most complete with P. aeruginosa.
Mucoid strains of Pseudomonas aeruginosa are frequently isolated from the tracheobronchial secretions of children with cystic fibrosis although such strains seldom have been reported from other sources (2, 3, 5, 9, 10) . The mucoid strains are characterized by large and viscous colonies which result from the production by the organism of copious amounts of slime on agar media (2, 10) . Diaz et al. (1) showed that, although both mucoid and nonmucoid P. aeruginosa strains colonize the respiratory tract of many cystic patients, the mucoid strains were more persistent and their incidence in this site was related directly to the severity of disease. It is not known to what extent mucoid strains produce slime in vivo and what influence slime may have on persistence of the organism.
The finding that certain bacteria colonize the respiratory tract in cystic patients does indicate that at least some host defense mechanisms are inhibited in this disease. It would seem likely that some inhibition of phagocytic killing of bacteria occurs. Thus mucoid strains may be persistent colonizers because they produce a slime which inhibits phagocytosis.
We have examined the effect of slime derived from a mucoid strain on the process of phagocytic killing in vitro of P. aeruginosa, Escherichia coli, and Staphylococcus aureus. The mucoid strain used was chosen because it was especially persistent and because it produced large amounts of slime. The phagocytosis test system contained rabbit polymorphonuclear leukocytes and the susceptible bacteria. The results indicated that relatively small amounts of the pseudomonas slime were antiphagocytic and protected P. aeruginosa more completely than the other organisms.
MATERIALS AND METHODS
Bacterial strains. The mucoid P. aeruginosa was isolated from the sputum of a patient with cystic fibrosis. The identity of the organism was determined by reaction on oxidative-fermentative medium, oxidase reaction (11) , pigment production, and growth at 42 C (12) . Pyocin typing was done by using the method of Gillies and Govan (6) . The organisms was maintained in the slime-producing state by subculture every 48 hr on Trypticase Soy agar (BBL). Occasionally in old cultures (4 to 5 days), nonmucoid growth spread from the base of mucoid colonies and on subculture this growth produced typical nonmucoid P. aeruginiosa colonies. One such nonmucoid variant was used in this study. It did not revert to the mucoid state during repeated subculture. E. coli strain W1485 was provided by W. Edmund Farrar, Jr., Emory University. The S. aureus strain was isolated from an eye infection in a patient (noncystic) at Grady Memorial Hospital, Atlanta.
Phagocytosis medium. Gey's balanced salt solution (Microbiological Associates, Inc., Bethesda, Md.) was modified by the addition in a ratio of 1:100 of 10% gelatin, previously adjusted to pH 7.4 with NaOH. This medium will be referred to as gel-Gey solution.
Harvesting of leukocytes. Peritoneal leukocytes were obtained from New Zealand rabbits (weight 4 to 5 lb; ca. 18 to 20 kg) by methods similar to those described by Hirsch (7) and by Roberts (13) . Ap-ANTIPHAGOCYTOSIS OF P. AERUGINOSA SLIME Corp., Cleveland, Ohio) was prewarmed to 37 C and injected intraperitoneally into rabbits with an 18-gauge polyethylene cannula. Four hours later, another sterile polyethylene catheter, modified by cutting multiple perforations along the shaft, was aseptically introduced into the peritoneal cavity and exudate was allowed to drain by gravity, assisted by massage of the abdomen, through sterile polyethylene tubing into a flask pretreated with silicon. All rabbits received three initial priming injections of the glycogen-saline solution at weekly intervals after which they were used with no greater frequency than every 7 to 10 days.
The peritoneal fluid, which contained approximately 5 X 103 polymorphonuclear leukocytes per mm3, was filtered through three layers of sterile gauze and centrifuged at 180 X g for 10 min in siliconized tubes. The sedimented leukocytes were resuspended in gel-Gey solution and adjusted to yield a final concentration in the phagocytosis test suspension of 6 X 106 to 20 X 106 rabbit peritoneal leukocytes per ml. (2) .
Phagocytic-killing studies. Tests were performed in duplicate in 12 by 75 mm siliconized tubes containing in 1 ml: 0.8 ml of leukocyte preparation, 0.1 ml of bacteria, and 0.1 ml of normal serum. In tests to evaluate the effect of slime, each tube contained: 0.4 ml of slime, 0.4 ml of double-concentration leukocyte preparation, 0.1 ml of bacteria, and 0.1 ml of normal serum.
Slime was added in various dilutions made with gelGey solution and the dilutions are reported as per cent of material obtained from the original plate cultures. The tubes were sealed with cork stoppers, covered with parafilm, and rotated end-over-end at 8 rev/min for 2 hr at 37 C on a multi-purpose Rotator (model 150V, Scientific Industries, Inc., Queens Village, N.Y.).
Controls run simultaneously in each experiment included: (i) static control in which tubes contained all ingredients but were not rotated, (ii) leukocyte controls in which tubes contained bacteria and serum, but 0.8 ml of gel-Gey solution in place of leukocytes, and (iii) slime controls in which tubes contained slime, serum, and bacteria but not leukocytes.
The numbers of viable bacteria in the various mixtures were determined before and immediately after the 2-hr incubation period by plate counts. After mixing, a 0.1-ml portion of mixture was placed in 9.9 ml of distilled water containing 0.01% crystalline bovine plasma albumin. Further dilutions were made in Trypticase Soy broth, and samples were spread on Trypticase Soy agar plates in duplicate. Roberts (13) and Hirsch and Strauss (8) have shown that this procedure allows enumeration of total (extracellular and intracellular) viable bacteria. Preliminary experiments in our study indicated that the procedure itself did not kill P. aeruginosa. In addition, examination by phase microscopy showed no intact leukocytes after they were mixed with the bovine albumin solution.
RESULTS
Characteristics of the mucoid strain. The mucoid P. aeruginosa was isolated in 1967 from the sputum of a 10-year-old patient with cystic fibrosis. The organism produced large ( VOL. 3, 1971 Phagocytic killing of bacteria. In mixtures containing the mucoid P. aeruginosa, polymorphonuclear leukocytes, and normal serum, there was a marked decline in viable bacteria during the 2-hr incubation period (Table 1) . In contrast the number of bacteria increased in mixtures without leukocytes. All of the surviving bacteria produced mucoid colonies. The degree of killing of organisms depended on the ratio of bacteria to leukocytes in the test mixture. Maximum killing in the ratios tested occurred when there were approximately equal numbers of bacteria and leukocytes.
Experiments to evaluate the comparative susceptibility of the mucoid strain, the nonmucoid variant, and E. coli indicated extensive killing of all strains by leukocytes ( Table 2 ). The extent of killing of E. coli was always greater than that of P. aeruginosa.
In all experiments, the degree of phagocytic killing was slightly less in the absence of normal serum and appreciably less in static mixtures. Although the degree of phagocytosis (phagocytic index) was not determined, examination of Gramstained smears prepared from mixtures after incubation of bacteria with leukocytes indicated that most bacteria were inside of polymorphonuclear cells.
Physical properties of slime. The slime was a clear, viscid liquid insoluble in 95% ethanol and in our preparation contained fewer than 500 bacteria per ml. All of the slime produced by a culture could be separated from cells by centrifugation The effect of slime on the killing by leukocytes of E. coli and S. aureus was similar to that of P. aeruginosa except for the influence of normal serum on the process. Representative experiments are shown in Tables 5 and 6 . There was extensive killing of E. coli in the absence of slime whether or not serum was present. Slime (2%) inhibited phagocytic killing but only in the absence of normal serum; the addition of normal serum completely overcame the inhibitory effect of slime.
Phagocytic killing of S. aureus was extensive in the absence of slime and serum (Table 6 ). Thedegree of phagocytic killing appeared always tobe greater in the presence of serum. Slime inhibited phagocytosis but only in the absence of normal serum. Even in the absence of serum the degree of inhibition of killing was not as great as. with the gram-negative bacteria.
Reversal of the effect of slime by antiserum. Normal serum did not influence the effect of slime in inhibiting the killing of mucoid P. aeruginosa. However, the addition of antiserum (prepared against a mixture of slime and cells) did result in extensive phagocytic killing of the mucoid P. aeruginosa by leukocytes even in the 
